Three types of thiamine phosphates are known to exist in animals (1), plants(2) and microorganisms (3, 4) , however, the physiological significance of thiamine triphosphate (TTP) is still obscure. Thiamine pyrophosphate (TPP) functions as a cofactor for dehydrogenase, carboxylase and transketolase. Thiamine and its monophosphate (TMP) serve as the cofactor for such enzymes only after conversion to the pyrophosphate form. It has been well established in many investigations on the biosynthesis of thiamine that a final condensation product from pyrimidine2 and thiazole3 is not a free form of thiamine but thiamine monophosphate (5) (6) (7) (8) . However, partially purified enzymes from baker's yeast (9,10) and from rat liver (11) are unable to utilize TMP as a substrate for the TPP formation. It has been con firmed with the use of ATP labeled with 32P that thiamine pyrophosphate in baker's yeast (12, 13 ) is formed by a direct transfer of a pyrophosphate group from ATP to thiamine.
On the other hand, it has been recently demonstrated by NISHINO et al. (14) that an enzyme preparation from E. coli can exclusively utilize TMP but not thiamine itself for TPP formation. The present authors have reported that the biosynthesis of TMP from pyrimidine and thiazole and its activation by ATP (15) do occur in higher plants, and that the requirement of thiamine on the growth of tobacco callus is replaced by thiazole (16) .
The present paper deals with the distribution of enzymes catalyzing synthesis of thiamine mono-and di-phosphates in plants and the mechanism of thiamine phosphorylation in parsely (Petroselinam sativum Hoffm. 
RESULTS
Chromatographic evidence for enzymic formation of TPP Figure 1 depicts chromatograms of the reaction mixtures incubated with thiamine and the enzyme preparation from plants in the presence of ATP and Mg2+ . Spots on the chromatogram were visualized under UV irradiation after spraying with a mixture (2:1:0.05, v/v) of ethanol, 10% NaOH and 2.5% K3Fe(CN)6 (21) .
A major spot and a minor one represented thiamine pyrophosphate formed and remaining thiamine, respectively. It is ascertained by comparing these chromato grams that thiamine pyrophosphate is a single main product and is the cofactor for which apocarboxylase from baker's yeast shows a strict specificity.
Distribution of thiamine synthetase and kinase(s) in plants In Table 1 the experimental results on distribution of thiamine synthetase and kinase(s) in a variety of vegetables are summerized. A relative high activity of thiamine kinase was found in celery, parsely, honewort, carrot and leek. The ability of TPP formation from TMP was detected in a few vegetables. An enzyme preparation from parsely and leek seemed likely to utilize both thiamine and its monophosphate as the substrates for the TPP formation. On the other hand, the synthetase activity in green leaves of plants was much less than that of baker's yeast. The high activity for synthetase in bean sprout suggests an increasing requirement of TPP in the carbohydrate metabolism in seedlings of plants. 
DISCUSSION
Apocarboxylase from baker's yeast absolutely requires TPP as the coenzyme. Alternately, the function of TPP could not be replaced by free thiamine and its monophosphate. The evidence was provided from paper chromatographic identi fi cation for that TPP was produced from thiamine by the action of an enzyme preparation from plants (Fig. 1) . The enzyme activity capable of catalyzing for mation of TPP from thiamine and its monophosphate was widely distributed in plants (Table 1) . TMP seemed likely to serve as the prominent substrate for the TPP formation in a few plant sources. In the presence of NaF, however, the eff i ciency of TMP was inferior to that of thiamine (Table 2) . A further purification of thiamine kinase by means of chromatography with DEAF-cellulose and Sepha dex G-150, caused a remarkable decrease in the activity of "TMP kinase" as compared with thiamine kinase (Figs. 2 and 3) . Separation of thiamine kinase from acid phosphatase was achieved to a certain extent by chromatographic tech niques. Acid phosphatase from tobacco leaf has been reported to function not only as orthophosphoric monoester phosphohydrolase [EC 3. The authors wish to thank Prof . F Kawai, Koshien College, for his helpful advice .
